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A consistent description of the confining QCD vacuum as a dual superconductor requires a determination
of fundamental parameters such as the superconductor correlation length ξ and the field penetration depth λ,
which determine whether the superconductor is of type I or type II. We illustrate preliminary results of a lattice
determination of ξ for the case of pure Yang-Mills with two colors, obtained by measuring the temporal correlator
of a disorder parameter detecting dual superconductivity.
1. Introduction
Color confinement is an absolute property of
strongly interacting matter which is still not ex-
plained from QCD first principles. Models exist,
which relate confinement to some property of the
QCD fundamental state. One of those models,
proposed by ’t Hooft and Mandelstam, is based
on dual superconductivity of the vacuum [1,2]:
confinement is related to the spontaneous break-
ing of a magnetic symmetry produced by the
condensation of some magnetically charged Higgs
field. The magnetic condensate filling the QCD
vacuum repels electric fields out of the medium
(dual Meissner effect), thus leading to the forma-
tion of flux tubes between colored charges, to the
linearly rising potential, and to confinement. The
broken magnetic group is chosen by a procedure
known as Abelian projection [3]: a local operator
φ(x) transforming in the adjoint representation is
diagonalized, leaving a residual U(1)Nc−1 gauge
symmetry.
The description of the QCD vacuum as a dual
superconductor requires a determination of some
fundamental parameters which characterize it.
These are the correlation length ξ of the Higgs
condensate, and the field penetration depth λ.
They determine whether the superconductor is
of type I (ξ > λ) or type II (ξ < λ). In a su-
perconductor of type I an external field B is al-
ways expelled from the medium till a critical value
Bc beyond which superconductivity disappears.
In a superconductor of type II there are instead
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two different critical values Bc1 and Bc2, and for
Bc1 < B < Bc2 the external field can penetrate
the medium in the form of Abrikosov flux tubes,
without disrupting superconductivity. In a type
II superconductor there is repulsive interaction
between two parallel flux tubes, which is instead
attractive for type I.
Whether the QCD vacuum behaves as a type
I or type II dual superconductor is a question
which can be answered by numerical lattice sim-
ulations. A direct way to determine λ is a lat-
tice analysis of the flux tube which is formed be-
tween two static color charges: this is done by
measuring the chromoelectric field correlated to
a temporal Wilson loop. The longitudinal field
is expected to decay exponentially at large dis-
tances from the flux tube axis, as dictated by the
field penetration depth λ. Several studies have
been done [4,5,6,7,8,9], giving λ ∼ 0.16 fm for the
SU(2) pure gauge theory.
Determinations of ξ instead have usually been
based on an indirect analysis of the chromo-
electric field distribution in the flux tube: ξ is de-
termined either through an analysis of violations
of the London equation close to the center of the
flux tube [5,9] or through some global fit to the
whole set of Ginzburg-Landau equations [6,7,8].
Some assumption is needed anyway and the deter-
minations are not always consistent. An approx-
imate picture emerges placing the SU(2) QCD
vacuum roughly at the boundary between a type
I and type II dual superconductor. A determina-
tion of ξ through some observable directly related
to the Higgs field would probably clarify the is-
1
2sue: this has been the subject of our study. The
observable chosen in our work is the operator µ
developed by the Pisa group which creates a mag-
netic monopole [10]. Its v.e.v. 〈µ〉 is a good dis-
order parameter detecting dual superconductivity
(〈µ〉 6= 0) and the transition to the deconfined -
normal conducting phase (〈µ〉 = 0) both in pure
gauge theory [11,12,13] and in full QCD [14,15].
Another approach, also aimed at a direct deter-
mination of ξ but by using a different observable,
has been followed in Ref. [16], which has appeared
at the stage of writing these proceedings up.
2. The method
The operator µ is defined in the continuum as
µa(~x, t) = e i
∫
d~y Tr{φa(~y,t)~E(~y,t)}~b⊥(~x−~y) (1)
where φa(~y, t) is the adjoint field defining the
abelian projection, ~b⊥ is the field of the monopole
sitting at ~x. On the lattice correlation functions
of µ(~x, t) are written as
〈µ¯(t′, ~x′)µ(t, ~x)〉 = Z˜/Z (2)
where Z is the usual QCD partition function and
Z˜ is obtained by changing the usual pure gauge
action S → S˜ by insertion of the monopole field
in temporal plaquettes at slices t and t′. Instead
of 〈µ¯µ〉 the following quantity is measured
ρ =
d
dβ
ln〈µ¯µ〉 = 〈S〉S − 〈S˜〉S˜ . (3)
The correlation length of µ, ξµ, can be obtained
by measuring the massM of the lowest state cou-
pled to µ, ξµ = M
−1. This can be done by study-
ing the asymptotic behaviour of the temporal cor-
relator [10]
〈µ¯(t, ~x)µ(0, ~x)〉 ≃ 〈µ〉2 + γe−Mt . (4)
In the confined phase 〈µ〉 6= 0 , so for large t the
exponential decaying term is small and we obtain
(the hat denotes adimensional lattice quantities)
ρ(tˆ) ≃
d
dβ
(
ln(〈µ〉2) +
γ
〈µ〉2
e−Mˆtˆ
)
=
= A+ (B + Ctˆ)e−Mˆ tˆ (5)
A =
d ln(〈µ〉2)
dβ
; B =
d
dβ
γ
〈µ〉2
; C = −
γ
〈µ〉2
dMˆ
dβ
Since
ρ(tˆ) = 〈S〉S − 〈S˜(tˆ)〉S˜(tˆ) (6)
and 〈S〉S is independent of tˆ, we get
〈S˜(tˆ)〉S˜(tˆ) = A
′ + (B + Ctˆ)e−tˆa/ξµ (7)
We can thus obtain ξµ ≡ M
−1 through the mea-
surement of the expectation value 〈S˜(tˆ)〉S˜(tˆ) as a
function of tˆ.
Before showing our numerical results, it is ne-
cessary to discuss some relevant questions. How
is related the so measured ξµ to the actual cor-
relation length of the Higgs field, ξ? We do not
really know which is the Higgs field which con-
denses in the QCD vacuum, but we know that 〈µ〉
is a good disorder parameter detecting dual su-
perconductivity, therefore it is surely coupled to
the Higgs field. M is the mass of the lowest state
coupling to µ, we have therefore ξµ = M
−1 ≥ ξ.
Our investigation can then give a definite answer
on the type of dual superconductivity at work in
the QCD vacuum only if we get ξµ < λ, which
implies ξ < λ, i.e. superconductivity of type II.
The result ξµ > λ would not lead to a definite
conclusion.
The next issue to be discussed regards the pos-
sible dependence of ξµ on the abelian projection
chosen to define µ. The natural physical expec-
tation is that one only coherence length charac-
terize the QCD vacuum. This is consistent with
’t Hooft ansatz that all abelian projections are
equivalent to each other: that equivalence also
emerges clearly from numerical determinations of
〈µ〉 [11,12,13]. A possible theoretical argument is
the following: the operator µ defined in one par-
ticular abelian projection creates magnetic charge
in every other abelian projection [17,15]; this im-
plies that the lowest mass state coupled to µ
should be universal, i.e. ξµ should be indepe-
dent of the abelian projection chosen. We will
use a definition of µ which averages over different
abelian projections [13].
33. Numerical Results
We first show results obtained for SU(2) pure
gauge theory using the standard plaquette action
at β = 2.5115: this is the case which has been
mostly studied in previous literature. The deter-
mination is made quite difficult by the fact that
the signal/background ratio is very small: a pre-
cision of order 10−6 is necessary in order to re-
solve the exponentially decaying term in Eq. (7).
Some technical improvements, like link integra-
tion, have been used in order to improve the pre-
cision on 〈S˜(tˆ)〉S˜(tˆ). In Fig. 1 we report the data
for 〈S˜(tˆ)〉S˜(tˆ)/6V as a function of tˆ measured on
a 163 × 20 lattice.
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Figure 1. 〈S˜(tˆ)〉S˜(tˆ)/6V as a function of tˆ at β =
2.5115 on a 163 × 20 lattice. The continuous line
is the result of a fit to Eq. (7) where the first point
at tˆ = 1 has been discarded.
A fit to the form of Eq. (7) gives C ≃ 0,
i.e. the linear term is not visible. In Fig. 2 we
show the best fit result for ξµ/a as the start-
ing point tˆi is varied: the stability of the re-
sults is the signal that the asymptotic large tˆ
behaviour has been reached. A good and sta-
ble fit is obtained for tˆi ≥ 2 (χ
2/d.o.f. = 1.3 at
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Figure 2. Best fit results for ξµ/a at β = 2.5115
on a 163 × 20 lattice as the starting point tˆi is
changed. Results are stable for tˆi ≥ 2.
tˆi = 2). From our fits we infer ξµ/a = 1.03±0.10.
Using a(β = 2.5115) ≃ 0.091 fm, as inferred
from the non-perturbative determination of the
β-function for SU(2) reported in Ref. [18], we ob-
tain ξµ = 0.094 ± 0.009 fm. As discussed above
ξ ≤ ξµ, therefore this result, when compared with
the value λ ∼ 0.16 fm reported in previous liter-
ature, gives indication for dual superconductivity
of type II. Our result for ξ is consistent with those
reported in Ref. [16].
The creation operator µ brings in the magnetic
field of a monopole. This is a long range field and
finite lattice size effects could then be important.
We have therefore repeated our measurement on
a 123 × 20 lattice, obtaining ξµ/a = 1.09 ± 0.13:
no evident difference is observed, thus excluding
relevant finite size effects.
In order to check the scaling to the continuum
of our results, we have also repeated our deter-
mination for a diferent value of β, β = 2.4. We
have used a lattice size 123×16, which taking into
account a(β = 2.4) ≃ 0.132 fm [18] is comparable
in physical units to the largest one used at β =
2.5115. We have obtained ξµ = 0.11 ± 0.01 fm,
4which is compatible with the value at β = 2.5115.
4. Conclusions
We have investigated the nature of the dual su-
perconducting vacuum in SU(2) pure gauge the-
ory by determining the superconductor correla-
tion length ξ through a measurement of the tem-
poral correlator < µ¯(t, ~x)µ(0, ~x) > of a disorder
parameter detecting dual superconductivity.
Our determination, when compared with pre-
vious determinations of the dual field penetration
depth λ, give indication of weak type II dual su-
perconductivity for the QCD vacuum.
This result must be confirmed both by an in-
crement of statistics and by a wider study of the
scaling to the continuum; a direct test of the
abelian projection independence should be also
performed.
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